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IN T R O D U C T IO N
T rem endous quantities of m aterials are used annually  in the con ­
struction  and  m a in tenance of highway pavem ents at all levels of the 
roadw ay netw ork. Rising energy costs and  depletion  or shortages of co n ­
ventional quality  paving m aterials in m any areas have con tribu ted  to a 
sp iraling  financial bu rd en  on highway agencies. C om pounding  the 
fiscal p ic tu re for highways are the problem s of inflation  and  insufficient 
highw ay tax revenues resulting  from  reduced  gasoline consum ption.
Exam ples of w hat has happened  to m aterials costs are easy to find. 
Figure 1 depicts the typical un it costs for three com m on paving 
m aterials over the period of 1971 to 1978 with projections to 1980. In 
early 1980 the price of asphalt cem ent in m any areas equalled  or ex ­
ceeded about $130 to $140 per ton  whereas in 1978 it was abou t $80 per 
ton. At least one estim ate is th a t the asphalt cem ent price m ay exceed 
$1,000 per ton  by 1990. Sim ilarly, over a period of a little  m ore than  
one year, the price of diesel fuel went from  about 20c per gallon to over 
$1 per gallon which obviously has had  a significant im pact on the cost of 
various highway construction  activities. In the construction  of I -95 
along the southeastern  coast of the U . S., in m any areas, the aggregate 
was tran spo rted  m ore th a n  250 miles resulting  in tran spo rta tion  costs 
far exceeding the cost of the aggregates. In no rth ern  Florida the cost of 
im porting  high quality  aggregate from  the Piedm ont area often exceeds 
$10 per ton  solely for tran spo rta tion .
Because of these various factors, there  is increasing interest in m a k ­
ing op tim al use of available resources (resources include m oney, 
m aterials, m anpow er, etc.). O p tim al use of available resources can e n ­
tail the developm ent of “new ” m aterials a n d /o r  the use o f heretofore 
considered “m arg inal or u n accep tab le” locally available m aterials. O ne 
ind ication  of the increased concern w ith aggregate resources and  the in ­
terest in developing a lte rn a te  resources is the fact th a t ASTM  is holding 
a symposium en titled  “Extending A ggregate Resources” in D ecem ber 
1980.
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Figure 1. Trend of Price for Three Common Paving Materials Since 1971.
T h e  purpose of this p ap er is to discuss various aspects of the use of 
m arg inal m aterials in highw ay construction . Space lim itations do not 
allow extensive and  deta iled  discussions. However, it is hoped  th a t this 
p ap er will stim ulate  the read er an d  m ake him  or her m ore aw are o f the 
po ten tia l of m arg inal m aterials.
M A R G IN A L M A TER IA LS DEFIN ED
For the purposes of this discussion, m arg inal m aterials can  be 
defined as m aterials which do not in the ir present form  possess quality  
levels as defined by cu rren t highw ay standards sufficient for the ir use as 
various pavem ent s truc tu ra l com ponents includ ing  surfaces, bases, 
a n d /o r  subbases.
P O T E N T IA L  SOURCES OF M A R G IN A L /N E W  PA V IN G  
M A TER IA LS
By far the largest volum e of m ate ria l used in any pavem ent s truc ­
tu re  is aggregate. It is estim ated  th a t abou t V6 billion tons o f aggregate
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will be used for highways in 1980 and  about 1 billion tons m ay be n eed ­
ed by 2000[2]. Substan tial econom ic benefit m ay result if low cost 
rep lacem ents o r supplem ents can  be found for high quality  aggregates.
T h e  im petus for use of m arg inal or non-specification m aterials is 
no t new, b u t in recent years new twists, particu larly  energy conservation 
and  waste m ate ria l disposal, have been added . T he search has taken  a 
n u m b er o f diverse directions:
1. the use of locally available sands, gravels, and  crushed stones 
which m ay not m eet s tand ard  highway specifications due to im ­
p ro p er g rad a tio n , unsoundness, poor skid, e tc., bu t which have 
po ten tia l as substitutes for base and  subbase m ate ria l when 
beneficated  by stabilization, b lending, etc;
2. the use of in-situ or local fine-grained  soil as a pavem ent s truc ­
tu ra l com ponent by im proving strength  and  du rab ility  p ro p e r­
ties th rou g h  some stabilization m ethod;
3. the use of dom estic, industria l, and  m in ing  wastes as aggregate 
rep lacem ents or supplem ents; and
4. the recycling of existing paving m aterials (includ ing  asphaltic 
concrete, p o rtlan d  cem ent concrete, etc.).
T he econom ic an d  energy benefits of the use of the above m aterials 
in highw ay construction  are yet to be firm ly established, bu t all of these 
ap p ear to have trem endous po ten tia l. For exam ple, T ab le  1 shows the 
estim ated  quan tities of annually  produced  solid waste m aterials 
available in In d iana .
A dditionally , the  po ten tial of new sources of binders m ust be close­
ly studied . T h e  Federal H ighway A dm inistration  (FH W A ) curren tly  has 
on-going research  looking at ways of ex tending  a n d /o r  rep lacing  
p o rtlan d  cem ent and  asphalt cem ent, the two p rim ary  b inders used in
Table 1. Estimated Quantities of Annually Produced Solid Waste Materials 
Available in Indiana (Ref. 1).













pavem ents. For exam ple, FH W A  sponsored research is curren tly  a d ­
dressing the following:
1. W aste Sulfates as Binders;
2. Extension and  R eplacem ent o f A sphalt C em ent with Sulfur;
3. E valuation of W ood Resins and  Lignins as Substitutes for 
A sphalt;
4. M aterials and  T echniques for Im proving Engineering P rop er­
ties of Sulfur, and
5. Developm ent and  Design of Flexible and  Rigid Sulfur-C oncrete 
Paving M ixtures.
T h e  results of these studies will w ithout doub t show the fu ture  
po ten tia l of these approaches.
G EN ER A L R EQ U IR EM EN TS FO R  PA V IN G  M A TER IA LS
T he pavem ent s truc tu re  for a given set of design conditions m ust be 
sufficient to w ithstand the various forces to which it is subjected. T he 
p rim ary  forces to which it is subjected include those of vehicular loading 
and  those due to various clim atic factors. C lim atic factors of 
significance include tem p era tu re  a n d /o r  m oisture re la ted  volum e 
changes, freeze-thaw  action, chem ical attack , and  stability  changes 
associated with tem p era tu re  and  m oisture fluctuations.
T hus, the paving m aterials when used in com bination  in the pave­
m ent structure:
1. m ust have ad eq u ate  stability;
2. m ust resist w ear o f traffic;
3. m ust resist or lim it the effects of the clim atic and  chem ical ac ­
tion; and
4. m ust resist or lim it the effects of in te rna l s truc tu ra l changes 
such as expansion, con traction , tem p era tu re  w arping, etc. and 
in te rn a l changes in the load carrying capacity .
As a consequence of these requ irem ents, most paving m aterials 
m ust m eet certa in  quality  standards. N orm ally these quality  levels have 
been developed based on m any years of experience. In m ost instances, 
these quality  standards reflect local experience with m aterials, construc­
tion  techniques, and  clim atic exposure. Exam ples of sim ple quality  in ­
d icators for paving m aterials include:
1. A sphaltic concrete - M arshall stability  and  flow and  percen t air 
voids;
2. A ggregate - CBR, g rada tion , LA A brasion, soundness; and
3. Stabilized m aterials - compressive strength , b rush ing  weight- 








W hether existing quality  levels and  ind icators should be app lied  to 
“new ” a n d /o r  m arg inal m aterials is open to d ebate  (often very heated ). 
In a recent com pilation  of research problem  statem ents [28] it was in ­
d icated  th a t . need to evaluate existing highw ay m ate ria l specifica­
tions to determ ine w hether they are ap p ro p ria te , relevant, and  
econom ically feasible for low volum e ro ad s.”
In general however, accepted  quality  levels are re la ted  d irectly  to 
the s truc tu ra l use of these m aterials in the pavem ent s truc tu re . For ex ­
am ple, Figures 2 and  3 depict the influence of quality  on the layer coef­
ficient of b lack base and  cem ent stabilized m aterials. If one considers 
the A A SH TO  In terim  Design M ethod for design of flexible pavem ents, 
E quation  1, then  for a given app lication , the m agn itude  of layer coeffi­
cient is inversely re la ted  to the volum e of a given m ate ria l needed to 
satisfy struc tu ra l requ irem ents of the payvem ent.
SN = a ^ !  + a2D2 + a3D3 (1)
where: SN =  requ ired  struc tu ra l num ber for traffic, clim ate and  
subgrade conditions,
D i,D 2,D 3 = thickness of surface base and  subbase layers 
a i ,a 2,a3 = layer coefficients for the specific m aterials used in su r­
face, base, and  subbase layers.
Figure 2. Layer Coefficient for Portland Cement Stabilized Base Course 








Figure 3. Layer Coefficient for Bituminous Stabilized G ranular Base 
Course M aterials vs. M arshall Stability (140°F) (From Ref. 29).
U SING  M A R G IN A L M A TER IA LS
A prim ary  requ irem en t for increased use of m arg ina l m aterials in 
highw ay construction  is the willingness to take a ca lcu lated  risk on pav ­
ing m aterials which m ay not have “proven track  records” . T his is not to 
say th a t m arg inal m aterials should be used w ithout a know ledge of the ir 
properties and  characteristics. However, evaluation  of the  m arg inal 
m a te ria l’s p roperties and  characteristics w ith existing tests and  
specifications m ay be too critical an d  thus unrealistic. For exam ple, if 
the quality  of slag is evaluated  using and  LA A brasion test, m any  slags 
are considered u n accep tab le  because of excessive percen tage w ear. Slag 
can  however, be a very excellent paving m ate ria l w hen used in the  co r­
rect way.
Since such vast quan tities of aggregate are used in pavem ents, it is 
logical th a t m arg inal m aterials should be given p roper considera tion  as 
a po ten tia l rep lacem ent a n d /o r  supplem ent to existing supplies of high 
quality  aggregate. A ggregate is norm ally  conceived as a processed and  
g raded  m ate ria l providing bulk and  strength  to the pavem ent s truc tu re . 
T ab le  2 sum m arizes aggregate properties for specific highw ay uses to 
m eet functions o f the  pavem ent system. It is obvious from  an  exam ina-
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Table 2. Aggregate Properties for Specific Highway Uses to Meet Functions of 
System (From Ref. 3).
RELATIVE IMPORTANCE 
OF PROPERTY* IN SPECIFIC
AGGREGATE MATERIAL
FUNCTION PROPERTY PCC BIT. CONC. BASE
1. Adequate internal strength 1. Mass stability NA I I
and stability to distribute 2. Particle strength I I I
surface pressures to the sub- 3. Particle stiffness I I I
grade and to prevent exten- 4. Particle surface texture I I I
sive surface deflections 5. Particle shape I I I
6. Grading I I I
2. Resistance to deteriorating
7. Maximum particle size 
1. Resistance to attack by
I I I
effects of weather and chemicals, such as salts I U NA
chemical actions 2. Solubility I u I
3. Slaking I I I
4. Resistance to wetting-drying
5. Resistance to freezing-
I u I
thawing I u I
6. Pore structure I I I
3. Resistance to deteriorating 1. Resistance to degradation I I I
effects produced by traffic
4. Resistance to effects of 
internal forces, such as
1. Volume change, thermal
2. Volume change, wetting
I N N
expansion, contraction, and drying I N N
warping
3. Pore structure I N N
5. Limitations to temporary or
4. Thermal conductivity 
1. Resistance to temporary
I N U
reversible internal changes strength change I I I
in load-carrying capabilities 
introduced by environ­
mental elements
6. Aggregate and binder com­ 1. Chemical compounds
patibility reactivity I I N
2. Organic material reactivity I N N
3. Coatings I I N
4. Volume stability, thermal I N N
5. Base exchange I I I
6. Surface charges N I N
7. Retention of a pavement sur
7. Pore structure U N N
face that will assure accep­
table standards of perfor­
mance. To have this char­
acteristic, consideration
must be given to the following
surface properties:
(a) Skid resistance 1. Particle shape I I NA
2. Particle surface texture I I NA
3. Maximum particle size N I NA
4. Particle strength I I NA
5. Wear resistance
6. Particle shape of abraded
I I NA
fragments I I NA
7. Pore structure I I NA
(b) Surface roughness 1. Maximum particle size I I NA
2. Grading I I NA
(c) Glare and light 1. Reflection I I NA
reflection
2. Glare I I NA
* I = Important; N = Not important; U = Importance unknown; NA = Not applicable.
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RELATIVE IMPORTANCE 
OF PROPERTY* IN SPECIFIC 
MATERIALAGGREGATE
FUNCTION PROPERTY PCC BIT CONC. BASE
(d) Loose material 1. Resistance to degradation I I NA
2. Specific gravity N N NA
(e) Tire wear 1. Particle shape I I NA
2. Particle surface texture I I NA
3. Maximum particle size I I NA
(f) Rolling resistance 1. Maximum particle size U I NA
2. Particle shape I I NA
(g) Noise level 1. Maximum particle size u I NA
(h) Electrostatic 
properties
1. Electrical conductivity u I NA
(i) Appearance 1. Particle color
2. Oxidation and hydration
N N NA
reactivity (stains and popouts)! N NA
8. Retention of properties 1. Maximum particle size I I I
during the construction 2. Resistance to degradation I I I
process that support all other 3. Integrity during heating 
functions of the system
N 1 N
tion of the in form ation  in this tab le  th a t aggregate is requ ired  to possess 
d ifferen t p roperties and  quality  levels for d ifferen t function  and  for use 
in d ifferen t paving m aterials. It is also obvious th a t the highest quality  
levels are requ ired  w hen the aggregate is used in PCC while less s tr­
ingent requirem ents are applied  when the aggregate is used as a g raded  
aggegate base or subbase.
Poten tial sources of m arg inal, poor quality  or new aggregates in ­
clude:
1. n atura lly  occurring  sands, gravels, and  locally available n o n ­
specification crushed stone and  crusher run  fines;
2. industria l, m in ing , and  dom estic wastes and  by-products; and
3. recycled paving m aterials.
N atu ra lly  occurring  sands, gravels, and  locally available n o n ­
specification crushed stone norm ally  do not m eet specifications due to 
im proper g rad u atio n , high plasticity fines, a n d /o r  poor durab ility . 
T echniques for upgrad in g  these m aterials include:
1. b lending;
2. chem ical adm ixture;
3. trea tm en t w ith b itum inous m ate ria l to w aterp roof and  b ind  
the m ix ture  together; and
4. coatings a n d /o r  im pregnation .
C oating  accom plished by physical, chem ical, the rm al, or com bin ­
ed processes m ay prevent in trusion  of harm fu l m aterials, increase the 
general strength  characteristics, increase resistance to wear, increase 
skid resistance, increase resistance to w eathering, and  prom ote bond  b e ­
tween the aggregate and  the m atrix . Im pregna tion  of aggregate par-
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t id e s  can greatly  reduce the ir adsorp tion  capacity  and  thus increase 
the ir soundness. Significant increases in the strength , im pact resistance, 
an d  resistance to freeze-thaw  of the aggregate m ay result.
Results of a recent N C H R P study [2] indicate  th a t there are 
num erous m ethods and  techniques which can be used to upgrade 
“m a rg in a l” aggregates to a level sufficient for use in PCC or b itum inous 
concrete. T he  two general approaches to enable these m arg inal ag ­
gregates to be used are trea ting  to elim inate deficiencies and  using ad­
mixtures to coun teract the problem . For exam ple:
1. Epoxy an d  linseed oil em ulsion  coatings an d  epoxy, 
m ethylm ethacry late , boiled linseed oil, and  polyethylene glycol 
im pregnan ts were all found to be em inently  successfully in 
up grad in g  highly frost-susceptible aggregates for use in PCC 
bu t coatings were unsuccessful in general in conbating  alkali- 
carbonate  reactive aggregates. C ertain  adm ixtures were suc­
cessful in regard  to the la tter.
2. V arious coatings and  o ther trea tm en t techniques were found  to 
be successful in upgrad ing  and  im proving m arg inal aggregates 
for im proved w ater resistance of asphalt concrete. Epoxy 
coatings however had  an adverse effect on m echanical p ro p e r­
ties of the m ix ture.
O ne m ajo r p rob lem  associated with the use of the m ore exotic 
coatings was cost, which in the case of epoxy exceeded $50 per ton of ag- 
gregate  [2],
Extensive quan tities of m ineral, industria l, and  dom estic waste ex ­
ist w ithin the U.S. T ables 3, 4 and  5 sum m arize sources and  estim ated  
quan tities of these. T ab le  6 sum m arizes sources, established and  p o ten ­
tia l uses of waste and  by-product m aterials in highway construction. An 
excellent treatise on the use of waste m aterials as po ten tial rep lacem ents 
for highway aggregates can  be found in R e f  3. O ften  the un it cost of 
these various raw  m aterials can  be qu ite  low. U tilization of these 
m aterials in the pavem ent m ay requ ire  some benefication  such as b le n ­
ding, chem ical stabilization, coating, or im pregnation  which will ad d  to 
the ir cost.
Recycling pavem ent m aterials can  provide an  excellent source of 
m ateria l for pavem ent construction. An excellent discussion of recycling 
m aterials for highw ay construction  can be found in Ref. 4. Both 
asphaltic concrete and  p o rtlan d  cem ent concrete m aterials have been 
and  are being salvaged and  reused. Surface, in-place surface, base, and  
control p lan t recycling are exam ples of typical procedures. Usually the 
recycling process consists of the following steps:
1. crushing and  pulverizing of old paving m ateria l; and
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Table 3. Sources and Quantities of Mineral Wastes













mainly in Pennsylvania, 100 2,000
Chrysotile or Asbestos 
T ailings
West Virginia, Ken­
tucky, Ohio, Indiana, & 
Illinois
California, Vermont, 
and Arizona 1 10
Copper Tailings** Arizona, U tah, New 
Mexico, and Michigan 200 8,000
Dredge Spoil Seascoasts, harbors, & 
navigable inland water­ 300-400 N.A.
Feldspar Tailings
ways
North Carolina 0 .25-0 .50 5
Gold Mining Waste * * * California, South 
Dakota, Nevada, Utah 5-10 100
Iron Ore Tailings
& Arizona
Alabama, New York, 20-25 800
Lead Tailings
Pennsylvania 
Missouri, Idaho, Utah, 
Colorado 10-20 200
Nickel Tailings Oregon N.A. N.A.
Phosphate Slag Idaho, Montana, 4 N.A.
Slate Mining Waste
Wyoming, & Utah 
New England, New 
York, Pennsylvania, N.A. N.A.
Taconite Tailings
Maryland & Virginia 
Minnesota & Michigan 150-200 4,000
Zinc Tailings Tennessee 10-20 200
Zinc Smelter Waste Oklahoma N.A. N.A.
* Lignite coal is produced mainly in North Dakota and in Texas.
** Includes approximately 5 million tons of reverberatory slag. 
* * * *  Includes only those wastes from dredge mining operations. 
N.A. = Information not available.
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Annual Accumulated
Table 4. Sources and Quantities of Industrial Wastes
(Millions of Tons) (Ref. 1)
Industrial Waste Source Location Production Quantity
Ceramic Wastes Clay brick, tile, pipe, 
and pottery plants
N.A N.A.
Alumina Red and Alabama, Arkansas, 5-6 50
Brown Muds Louisiana, Texas
Phosphate Slimes Florida, Tennessee 20 400
Phosphogypsum Florida 5 N.A.
Sulfate and Chemical Plants 5-10 N.A.
Sulfite Sludges Distributed Nationally
Flyash Coal Burning 32 200-300
Bottom Ash Power Plants 10 50-100
Boiler Slag located mainly in 
Appalachia and Great 
Lakes Region
5 25-50
Scrubber Sludge Power Plants equipped 
with SC>2 Scrubbers
N.A N.A.
Iron Blast Furnace Iron and Steel 30 N.A.
Slag, produces in 10-15 N.A.
Steel Making Slags, Pennsylvania, Ohio,
Foundry Waste Illinois, Michigan and 20 N.A.
Products other states
N.A. = Information Not Available
Table 5. Sources and Quantities of Mineral Wastes
(Millions of Tons) (Ref. 1).
Estimated
Estimated Annual Annual




Casings 1 battery/2 vehicles/years 0.5-1.0
Incinerator Residue 10





Rubber Tires 2 tires/vehicle/years 3 - 5
Sewage Sludge 75 lbs./person/years 8 -1 0
Waste Glass 110 lbs./person/years 12
* Very few pyrolysis plants currently in operation 
N.A. = Information Not Available
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36 Table 6. Summary of Established and Potential Uses of Waste Materials and By-Products in Road Construction (Ref. 27).
Aggregate
Stabi­ Portland Bituminous Bituminous Base Embankment
Waste Materials and By-Products Binder lizing Filler Cement Concrete Concrete and Fill and
Agent Concrete Surface Binder Subbase Improved
Course Course Subgrades
Mining and Quarry Wastes
a. colliery spoil P* P P P P P Et
b. quarry waste P E
mining and c. mine refuse P E
quarrying d. slate waste P P P P P
wastes e. oil shale residue P P
f. china clay sand E E E
g. potassium salt mine P P
Mining and Quarry Wastes
tailings a. iron ore E E E E
b. taconite E E E E
c. fluorspar P P
d. lead-zinc P P P
e. copper P E
f. gold P P





- air cooled E E E E E
ferrous - granulated E E E E
slags - pelletized E E E P P
- expanded E
b. steel slag P P E E E E
non-ferrous a. zinc (lead, lead
slags zinc) P E P P P
b. copper P E E
c. nickel P E E
d. phosphate waste P E E E E E
foundry sand
ceramic and refractory
wastes P P P
Industrial Wastes
ash a. flyash E E E E P P E E
b. bottom ash (wet & dry) E E E E
c. mixed kiln dust E E
sulphur E
dredge spoil P P P P E
boiler and furnace
clinker and slag E E E E




incinerator a. ash P P E
residue b . clinker E E E E
demolition a. building rubble P P P E
wastes b. asphalt pavement E E E E
c. concrete pavement P E E E E
glass & cullett P P P
tyres and rubber E P
waste oils
Agricultural and Forestry Wastes
wood wastes a. bark and sawdust E
b. lignin P
c. paper mill mud P
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f  E Established Use (accepted practice in road construction)
* P Potential Use (research and development have indicated technical feasibility)
2. add ition  an d  b lend ing  of b inders such as asphalt, sulfur, ce­
m ent, lim e or lim e-flyash (in some cases, recycled m ate ria l is 
used w ithout trea tm en t as an  aggregate base or subbase layer).
C hem ical stabilization  of local soils and  aggregates, waste 
m aterials, and  recycled m ateria ls  appears to provide an  excellent and  
econom ical m ethod  for up g rad in g  m aterials to a level ad eq u ate  for use 
in  m any pavem ent structures. T h e  types of stabilizers norm ally  found  to 
be m ost feasible are  cem ent, lim e, lim e-flyash and  b itum inous. For fine­
g ra ined  in-situ or local soils, cem ent and  lim e stabilization  are com m on­
ly used. T h e  requ ired  trea tm en t levels depend  on a n u m b er of factors 
inc lud ing  strength  and  durab ility , bu t in general are: 
lim e —4 to 10% by weight 
cem ent —7 to 16%
For m ore g ran u la r m ateria ls  such as sands, gravels, c rusher-run  fines, 
etc. lim e-flyash, cem ent and  b itum inous trea tm en t ap p ear to be m ost 
feasible. N um erous references can  be consulted  relative to the p roper 
app lica tion  and  resu ltan t properties o f these stabilized m aterials. A 
study (5) com pleted  in 1976 concern ing  stabilization  of soils in the  State 





Ref. 6, 7 
Ref. 7 
Ref. 7, 8 
Ref. 7, 9, 10
USE O F M A R G IN A L M A T E R IA L S -S O M E  EXAM PLES
M arginal m aterials derived from  various sources have been used 
either routinely  or on an  experim en tal basis for m any years. A few 
selected exam ples of the  ac tual or po ten tia l uses of various m arg inal or 
“new ” m aterials in highw ay construction  are ap p ro p ria te .
Cement Treatment
T he trea tm en t o f m ateria ls  w ith p o rtlan d  cem ent has been used for 
m any years to overcom e deficiencies. Specific cases include:
1. G eorgia —For m any years residen tial streets in  D eK alb County,
Georgia have been rou tinely  constructed  of a 5 to 6 inch  cem ent 
stabilized layer of the  in-situ silty and  or silty clay soil. T his is 
then  topped  w ith 1 to 2 inches o f asphalt p la n t m ix. In  o ther 
locations in sou thern  G eorgia, cem ent trea ted  sand plus a surface 
trea tm en t is used. Some problem s with shrinkage cracking have 
been experienced. B arksdale [13] has recently  found  th a t ex ­
cessive sand deposits occurring  along the southeastern  coast of 
G eorgia can  be up g rad ed  to provide a h igh quality  paving 
m a te ria l by trea tm en t w ith cem ent.
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2. T h e  U.S. Forest Service in the Pacific northw est has investigated 
[14] the  feasibility of up g rad in g  low quality  aggregate by trea tin g  
it w ith cem ent. Sandstone and  various w eathered  g ran ites and  
basalt were included  in the study. It was concluded  th a t these 
“m a rg in a l” m aterials could be upgraded  to base course quality  
an d  were feasible econom ically if the hau l distance for im ported  
quality  aggregate exceeded 21 miles.
3. R obnett and  T hom pson  [5] found th a t g ran u la r deposits o ccu rr­
ing in cen tra l and  n o rth e rn  Illinois could be substantially  
u p g rad ed  by trea tm en t with cem ent. M any of the un iform  sand 
deposits were m ore easily upgrad ed  if soil fines were b lended  into 
the  m ix.
Lime Treatment
1. L im e has been used successfully to m odify the plasticity of pit run  
gravels in Illinois.
2. Tw enty-four inches of subgrade u n der the pavem ents of the 
D allas-Fort W orth  A irport were trea ted  with lim e to m odify swell 
po ten tia l and  provide im proved struc tu ra l support.
3. L im e trea tm en t of find-gra ined  soils is routinely used in Illinois, 
Iowa, Louisiana, V irginia, Texas, and  A labam a to provide base 
and  subbase course quality  m aterials. Tw enty-eight states have 
used lim e for In ters ta te  highw ay construction  [7].
Lime-Flyash Stabilization
Lim e-flyash has been used extensively to trea t sands, gravels, slags, 
crushed stone, and  o ther form s of aggregate. Specific exam ples are:
1. N ew ark A irport — Local sand was trea ted  with lim e-flyash and  a 
sm all quan tity  of cem ent to provide base and  subbase layers for 
runways, taxiways, and  aprons. A substan tial pavem ent cost sav­
ings was effected com pared  to a lte rn a te  PCC pavem ents (2).
2. Cook and  Lake Counties, Illinois [11] —M any hund reds of miles 
of secondary roads have been constructed  of lim e-flyash aggregate 
m ixtures in the  Chicago m etropo litan  area . Lake County, located  
just n o rth  in Chiacgo, has m ade  extensive use of lim e-flyash tre a t­
m en t o f available sand and  gravel m aterials to provide base course 
m aterials.
3. Dulles A irport —A lim e-flyash sulfate base course was con ­




1. F lorida —Test roads at M arianna and  Lake W ales w herein sand- 
asphalt or sand-stone screenings-asphalt base courses were p lac ­
ed, have shown good to excellent perform ance [17].
2. Georgia —Extensive, successful use has been m ade in recent years 
of sand-asphalt mixes, particu larly  in the coastal p la in  area of 
the state w here crushed stone is no t locally available [18].
3. M aryland —Test pavem ents com posed of sand-asphalt (4 to 
5 .4%  asphalt) base courses perfo rm ed  be tte r th a n  those with 
dense-graded aggregate base courses [19].
4. T h ree  Rivers Test R oad —T h e  U.S. Forest Service in M innesota 
constructed  abou t 12,000 feet of sand-asphalt test pavem ent 
using a non-specification, uniform ly g raded  sand and  either 
MC-800 or AC-250-300. T he  sections con ta in ing  AC-250-300 
perform ed b e tte r w ith all sections displaying good perfo rm ance 
after 2 years of traffic [20].
Sulfur ex tended  asphalt is being looked at as a m ethod  whereby 
ru ttin g  m ay be reduced  by increasing the overall stability  of the mixes.
As shown by Rice and  Goetz [12] m any sand-asphalt mixes requ ire  a d d i­
tion  of fines to im prove stability  and  durab ility . T h e  econom ics of sand- 
asphalt mixes m ust be closely exam ined in the fu tu re  however, due to 
the spiralling  cost o f asphalt.
Emulsion-Aggregate Mixtures
1. Illinois —D arter [12] at the University of Illinois has developed a 
m ix ture  design m ethod  for use of em ulsified asphalt trea ted  local 
aggregates. Figure 4 depicts the relationsh ip  established betw een 
layer coefficient an d  stability  for these m aterials. In  general, the 
aggregate su itable for use in these mixes can be outside of D O T  
specifications. C lark County, Illinois in p a rtic u la r has m ade ex ­
tensive use of these mixes.
R ee f Shell
R eef or oyster shells have been used for over 30 years in all the G ulf 
Coast states such as A labam a, Mississippi, F lorida, and  L ouisiana [22]. 
Sand-shell-soil m ixtures have been used as aggregate base and  sand- 
shell b itum inous m ixtures have been used w ith success in V irginia [23].
Slag and Sprinkle Mixes
T h e w ear and  polish resistance of some aggregates is low and  thus 
precludes, or at least severely lim its, its use in surface course mixes. 
B lending slag w ith these aggregates has provided a skid resistant surface 
of an  overlay on the D an Ryan Expressway in Chicago. Some agencies
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Structural Coefficient of Base
Figure 4. Correlation Between Base Structural Coefficient a2  and Design 
M arshall Stability at 72° for Emulsified Asphalt Treated Local 
Aggregates (From Ref. 12).
sprinkle the top  of the asphalt surface course w ith h igh skid and  polish 
resistant aggregate d u ring  the lay down and  rolling operation . This 
allows the use of poor skid, high polishing aggregate in the bulk of the 
asphalt m ix.
T h e  use of boiler bo ttom  slag in black base construction  has been 
repo rted  [24] and  is curren tly  being closely studied  at O hio State 
University.
Glasphalt
W aste glass has been used as the p rim ary  aggregate in asphalt su r­
face mixes. M alisch [25] at the University of Missouri, Rolla, repo rted  
the  successful p lacem ent o f test sections. However, apparen tly  the  cost 
and  lim ited  supply of waste glass is such th a t this m ate ria l is not 
econom ically feasible today.
Crushed Stone Screenings
K alcheff an d  M achem ehl [26] have recently  reviewed the u tiliza­
tion  of crushed stone screenings in highw ay construction. Because of the 
n a tu re  of the crushing process an d  im posed g rad atio n  requirem ents
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often excess quantities o f these fine screenings develop at quarries. 
Potential a n d /o r  ac tual uses o f these screenings include:
1. use in asphaltic an d  p o rtlan d  cem ent concrete; and
2. stabilization  w ith cem ent or asphalt to provide base course 
m aterials.
Recycled Paving Materials
In  recent years, m ore use has been m ade  of old, salvaged, paving 
m aterials such as asphaltic concrete and  p o rtlan d  cem ent concrete. 
P u lveriza tion /crush ing  is req u ired  and  can be accom plished onsite w ith 
pulvim ixers or at a cen tra l p lan t site w ith a crusher. These m ateria ls  can  
then  be used as aggregate for base or subbase layers or can  be used as 
aggregate in asphaltic concrete, p o rtlan d  cem ent concrete, black base, 
a n d /o r  cem ent stabilized m ixtures. T he  Edens Expressway in Chicago 
was recently  reconstructed  using the crushed concrete as p rim ary  ag ­
gregate  for the base course. N um erous o ther exam ples can  be found  in 
FH W A  publications and  N C H R P R eport 54 [4].
C O N C L U D IN G  REM ARKS
M arginal m aterials, those w hich in general do not m eet cu rren t 
s ta n d ard  highway specifications, offer a po ten tia l source of lower cost 
highw ay m aterials w hich can  be used as rep lacem ent for or supplem ent 
to existing supplies o f aggregate. C on tinued  use of high quality  paving 
m aterials p robab ly  will have to be m ade in “p rem iu m ” pavem ents. 
However, use of m arg ina l m aterials for secondary and  low volum e 
highways will allow not only econom y, b u t also a conservation of 
resources for use in h igher type “p rem iu m ” pavem ents.
Po ten tial sources of the m arg inal m aterials include local sands, 
gravels, crushed stone screenings, fine g ra ined  soil, dom estic, industria l 
an d  m in ing  waste m aterials, and  recycled pavem ent m aterials (such as 
asphalt concrete, p o rtlan d  cem ent concrete, e tc .). U pgrad ing  these 
m arg ina l m aterials th rough  beneficiation  techniques such as b lending , 
coating , im pregnating , chem ical adm ixtures, etc. appears feasible and  
in m any cases very econom ical. N um erous problem s and  restictions will 
have to be overcom e in o rder to m ake m axim um  use of these m arg inal 
m aterials.
T h e  ex ten t of fu tu re  use of m arg inal m ateria ls  will depend  upon  a 
n u m b er of factors including:
1. developm ent of new test m ethods, technology, an d  specifications 
which properly  recognize and  address the  d ifferen t n a tu re  of 
m any m arg inal m aterials;
2. developm ent o f or b e tte r use of cu rren t relatively inexpensive 
beneficiation  techniques;
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3. developm ent o f use strategy for these m arg inal m aterials;
4. overall econom ics of m arg inal m aterials; and
5. good engineering judgm en t and  courage.
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